Introduction {#Sec1}
============

The Standard Model precisely relates the mass of the *W* boson to the more precisely measured *Z* boson mass, fine structure constant and Fermi constant. The resulting indirect constraint on the *W* boson mass from a global fit \[[@CR1]--[@CR3]\] to experimental data is roughly a factor of two more precise than the direct measurement, $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{W}} = 80.385 \pm 0.015$$\end{document}$ GeV \[[@CR4]\], leaving room for new physics, for example in supersymmetry \[[@CR5]\]. The world average for $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{W}} $$\end{document}$ is dominated by measurements from the Fermilab Tevatron collider experiments, CDF \[[@CR6], [@CR7]\] and D0 \[[@CR8], [@CR9]\]. The CDF and D0 measurements used 2.1 and 4.9 fb$\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$, respectively, out of the roughly 10 fb$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$^{-1}$$\end{document}$ Tevatron Run-II dataset. Updates from both experiments are therefore highly anticipated. The current measurements are mostly limited by statistical uncertainties; either directly through limited *W* samples or indirectly through limited calibration samples. The uncertainty due to the parton distribution functions (PDFs) is around 10 MeV, with some variation between experiment, lepton flavour and fit variable. The Tevatron measurements used three different fit variables to extract $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{W}} $$\end{document}$:The transverse mass, $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{T}^{W}} = \sqrt{2 {p_{T}^{\ell }} /\!\!\!\!E_{T}(1-\cos \phi )}$$\end{document}$, where $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} $$\end{document}$ is the charged lepton transverse momentum, $\documentclass[12pt]{minimal}
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                \begin{document}$$/\!\!\!\!E_{T}$$\end{document}$ is the missing transverse energy measured by the calorimeter, which estimates the neutrino transverse momentum; and $\documentclass[12pt]{minimal}
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                \begin{document}$$\phi $$\end{document}$ is the azimuthal opening angle between the neutrino and charged lepton.The charged lepton transverse momentum $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} $$\end{document}$ itself.The missing transverse energy $\documentclass[12pt]{minimal}
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                \begin{document}$$/\!\!\!\!E_{T}$$\end{document}$ itself.The statistically most sensitive variable is $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{T}^{W}} $$\end{document}$, but with realistic $\documentclass[12pt]{minimal}
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                \begin{document}$$/\!\!\!\!E_{T}$$\end{document}$ resolution, the $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} $$\end{document}$ distribution has essentially the same sensitivity to $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{W}} $$\end{document}$. For example, in the CDF measurement \[[@CR6], [@CR7]\], the statistical uncertainties with the muon channel are 16 MeV and 18 MeV for the $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} $$\end{document}$ fits, respectively.

Measurements are in progress by the ATLAS and CMS experiments at the LHC and the high pileup environment means that they may focus on $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} $$\end{document}$ as their main fit variable  \[[@CR10]--[@CR12]\]. At the LHC, the *W* production cross section is roughly an order of magnitude higher than at the Tevatron, so the statistical uncertainties will retire from their dominant status. In the $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=1.96$$\end{document}$ TeV $\documentclass[12pt]{minimal}
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                \begin{document}$$p\bar{p}$$\end{document}$ collisions at the Tevatron, *W* production was dominated by valence $\documentclass[12pt]{minimal}
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                \begin{document}$$d\bar{u}$$\end{document}$ annihilation. At the LHC, *W* production receives a larger contribution from sea quarks. Furthermore, the flavour composition is richer, with $\documentclass[12pt]{minimal}
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                \begin{document}$$c\bar{s}/s\bar{c}$$\end{document}$ annihilation. A $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{W}} $$\end{document}$ measurement at the LHC is therefore subject to potentially limiting PDF uncertainties. Ref. \[[@CR13]\] casts a rather pessimistic outlook, while some recent studies are more optimistic \[[@CR14]--[@CR17]\]. Ref. \[[@CR16]\] estimates an uncertainty of around 20 MeV using current PDF sets. However, this could be reduced to around 10 MeV with the requirement, $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^W} < 15$$\end{document}$ GeV on the lepton-pair transverse momentum; this cut makes the shape of the charged-lepton transverse momentum distribution steeper and closer to the leading-order one; it also suppresses the contribution from *qg* scattering. The studies reported in this paper assume that ATLAS and CMS will make this requirement in their measurements. It is also pointed out in Ref. \[[@CR16]\] that the uncertainty would be greatly reduced if the pseudorapidity, $\documentclass[12pt]{minimal}
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                \begin{document}$$\eta $$\end{document}$, acceptance could be extended from the roughly $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 2.5$$\end{document}$ of ATLAS and CMS, to $\documentclass[12pt]{minimal}
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                \begin{document}$$|\eta | < 4.9$$\end{document}$, because of an anti-correlation between the parton-parton luminosities and the lepton transverse momentum distribution at different charged lepton rapidities. Ref. \[[@CR17]\] proposed that even within the limited acceptance of the ATLAS and CMS detectors, an exploitation of the correlations between different rapidity regions and with the two *W* charges could reduce the uncertainty by around 60 %. Further improvements could be achieved by exploiting the correlations with $\documentclass[12pt]{minimal}
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                \begin{document}$${Z/\gamma ^*} $$\end{document}$ decays \[[@CR17]\].

So far it has been assumed that ATLAS and CMS are the only LHC experiments with a chance to improve on the direct $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{W}} $$\end{document}$ determination. The LHCb experiment \[[@CR18]\] has not been discussed in this context.Firstly, the rate of *W* production is far smaller in LHCb due to (i) the limited angular acceptance $\documentclass[12pt]{minimal}
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                \begin{document}$$2 < \eta < 5$$\end{document}$ and (ii) the lower instantaneous luminosity.[1](#Fn1){ref-type="fn"}Secondly, LHCb lacks the hermetic calorimeter coverage that is needed to reconstruct the $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{T}^{W}} $$\end{document}$. The only available observable is thus $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} $$\end{document}$.In this paper, we argue that *W* production in LHCb is sufficient to make a competitive measurement, using the $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} $$\end{document}$ distribution, and quantify the sensitivity with current and future datasets. The unique angular acceptance of LHCb turns out to be a complement to the ATLAS and CMS measurements when we consider the PDF uncertainties. In fact, the ability for LHCb to select a pure sample of $\documentclass[12pt]{minimal}
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                \begin{document}$$W \rightarrow \mu \nu $$\end{document}$ decays without any requirement on the $\documentclass[12pt]{minimal}
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                \begin{document}$$/\!\!\!\!E_{T}$$\end{document}$, as already demonstrated in \[[@CR19]\], is likely to be an advantage. A key challenge in the Tevatron $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{W}} $$\end{document}$ measurements was the calibration of the detector response to the hadronic recoil. This would be completely avoided in the LHCb measurement, which essentially only requires knowledge of the muon reconstruction.[2](#Fn2){ref-type="fn"} The present study has been performed assuming a given production model of the *W* boson, i.e. making definite choices for the description of the QCD corrections that affect the $\documentclass[12pt]{minimal}
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In Sect. [2](#Sec2){ref-type="sec"} the study of PDF uncertainties reported in Ref. \[[@CR16]\] is extended to consider the impact of a LHCb measurement. In Sect. [3](#Sec3){ref-type="sec"}, the expected experimental uncertainties on a $\documentclass[12pt]{minimal}
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                \begin{document}$${m_{W}} $$\end{document}$ measurement are estimated. We choose to focus on the data that will be collected during Run-II (2015--2018) at a centre of mass energy of $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s} = 13$$\end{document}$ TeV. It is expected that LHCb will record at least 7 fb$\documentclass[12pt]{minimal}
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                \begin{document}$$^{-1}$$\end{document}$. The prospects for a LHC combination are discussed in Sect. [4](#Sec7){ref-type="sec"}. In Sect.[5](#Sec8){ref-type="sec"} we comment on the uncertainties stemming from the $\documentclass[12pt]{minimal}
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PDF uncertainties {#Sec2}
=================

Our analysis is based on exactly the same setup as in Ref. \[[@CR16]\]. Events of the type $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s}=13$$\end{document}$ TeV, are generated using POWHEG \[[@CR20]\], with parton showering provided by PYTHIA \[[@CR21]\]. Replica templates for the $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} $$\end{document}$ distribution are produced for each of the NNPDF3.0 \[[@CR22]\], MMHT2014 \[[@CR23]\] and CT10 \[[@CR24]\] PDF sets. For the sake of simplicity, we assume the same kinematic acceptance for the ATLAS and CMS experiments, and henceforth refer to them generically as the General Purpose Detector (GPD) experiments. The GPD acceptance is defined as; $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^W} < 15$$\end{document}$ GeV.[3](#Fn3){ref-type="fn"} For LHCb, the kinematic acceptance is defined to be $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^{\ell }} > 20$$\end{document}$ GeV. The possibility of cut on $\documentclass[12pt]{minimal}
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                \begin{document}$${p_{T}^W} $$\end{document}$ is obviously excluded for LHCb. For simplicity, we assume a GPD averaged measurement for each *W* charge, already averaged over electron and muon channels. In the following, these are denoted $\documentclass[12pt]{minimal}
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We follow the PDF4LHC recommendation \[[@CR25]\] in estimating the PDF uncertainty. If we consider the three sets (NNPDF3.0, MMHT2014, and CT10), then the full uncertainty envelope of the considered sets is used. In our default evaluation, we only consider the two most recent sets (NNPDF3.0 and MMHT2014), which already include constraints from LHC data. The following uncertainties (in MeV) are estimated:$$\documentclass[12pt]{minimal}
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                \begin{document}$$\begin{aligned} {\delta _\mathrm{PDF}} = {}\left( \begin{array}{c@{\quad }c}{\mathbf {G^+}} &{} 24.8\\ {\mathbf {G^-}} &{} 13.2\\ {\mathbf {L^+}} &{} 27.0\\ {\mathbf {L^-}} &{} 49.3\\ \end{array} \right) , \end{aligned}$$\end{document}$$These are repeated in Table [1](#Tab1){ref-type="table"}, while Table [2](#Tab2){ref-type="table"} lists the corresponding uncertainties that are evaluated with the inclusion of the CT10 sets. In both tables, we also provide the largest difference in central values, denoted $\documentclass[12pt]{minimal}
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                \begin{document}$$W^+$$\end{document}$, similar uncertainties are estimated for LHCb and the GPDs. For the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$W^-$$\end{document}$ on the other hand, the LHCb uncertainty is roughly a factor of four larger, because of the uncertainty of the down valence quark (the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$d\bar{u}$$\end{document}$ induced subprocess gives the largest contribution to the cross section) together with the large uncertainty of the sea quarks at large partonic *x*. The real power of the LHCb measurement is revealed in the correlations. With the NNPDF3.0 sets, we obtain the following correlation matrix:$$\documentclass[12pt]{minimal}
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Momentum scale calibration {#Sec5}
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LHCb is ideally suited for a precise calibration of the momentum scale, due to the large samples of inclusive quarkonia signals that are recorded. Furthermore, LHCb has an excellent momentum resolution that ranges between 0.2 and 0.8 % \[[@CR18]\]. LHCb has already demonstrated its ability to make world's best measurements of various *b*- and *c*-hadron masses \[[@CR27], [@CR28]\]. In Ref. \[[@CR27]\], LHCb reported a relative momentum scale uncertainty of $\documentclass[12pt]{minimal}
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Muon efficiencies {#Sec6}
-----------------

The methods to measure muon reconstruction efficiencies in LHCb are well developed as part of the $\documentclass[12pt]{minimal}
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The experimental precision with which ATLAS and CMS can measure $\documentclass[12pt]{minimal}
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The four measurements would have the following uncertainties, using the NNPDF3.0 and MMHT2014 PDF sets,$$\documentclass[12pt]{minimal}
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For the sake of simplicity, our study only considers experimental and PDF errors, while for a more realistic estimate one should include also other sources of theoretical uncertainty. For each experiment, we assume a positive correlation of 50 % between the experimental uncertainties for $\documentclass[12pt]{minimal}
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                \begin{document}$$W^-$$\end{document}$, as can be expected since many experimental calibrations are independent of the charge. The set of weights are optimised to give the smallest total uncertainty on the weighted average of the four measurements. The resulting uncertainties and optimal weights are listed in Table [5](#Tab5){ref-type="table"}. The first three rows show the results of (i) the LHC average including all three experiments with muons and electrons (only for the GPDs) and both charges, (ii) a combination of LHCb and one GPD, (iii) a combination of the two GPDs without LHCb. The total uncertainty is improved by around 30 % when LHCb is included. Interestingly, an average of LHCb with a single GPD would be more precise than a two-GPD combination. Table [5](#Tab5){ref-type="table"} also lists the corresponding uncertainties and weights for a number of variations in our assumptions.If all three PDF sets are used with the PDF4LHC prescription, the total uncertainty is larger, and the impact of LHCb is even larger than with the two more recent sets.We consider the four possibilities of setting the LHCb or GPD experimental uncertainties to zero or twice our nominal assumption. In all cases, LHCb is more important in the average, than a second GPD.Not surprisingly, LHCb has more(less) impact if we scale the PDF uncertainties by a factor of two(zero).It seems that in any realistic scenario, excluding the extreme cases above, LHCb would reduce the total uncertainty on the LHC average by 20--40 %. And in all of these scenarios, we have the remarkable result that LHCb has more impact than a second GPD.Table 5The uncertainties on different LHC averages for $\documentclass[12pt]{minimal}
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Another source of theoretical uncertainty that we have overlooked so far is the $\documentclass[12pt]{minimal}
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In 2012, LHCb already received a factor of twenty lower instantaneous luminosity than ATLAS and CMS, as required for the beauty and charm physics program.

It should be noted that current LHCb studies of *W* production have imposed tight isolation requirements on the muon \[[@CR19]\], the efficiency of which has some sensitivity to the hadronic recoil model.

We assume that the GPD experiments will adopt the suggestion of Ref. \[[@CR16]\], to require $\documentclass[12pt]{minimal}
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The leading order cross section increases by a factor 2.3 in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$W^+$$\end{document}$ case and by 2.6 in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$W^-$$\end{document}$ case, when changing the collision energy from 7 to 13 TeV. We assume a factor of two in order to be conservative.

The $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 29$$\end{document}$ MeV uncertainty for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$W^-$$\end{document}$ in Run-I can be compared to the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\pm 22$$\end{document}$ MeV that was reported by CDF in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${p_{T}^{\ell }} $$\end{document}$ fit using a similar number of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$W\rightarrow \mu \nu $$\end{document}$ events \[[@CR6], [@CR7]\].

We are thank full to the following members of the LHCb Collaboration for helpful discussions: Will Barter, Simone Bifani, Victor Coco, Stephen Farry, Wouter Hulsbergen, Phil Ilten, Patrick Koppenburg, Tara Shears. M. V. is supported by the Alexander von Humboldt Foundation. A. V. is supported in part by an Italian PRIN2010 grant, by a European Investment Bank EIBURS grant, and by the European Commission through the HiggsTools Initial Training Network PITN-GA-2012-316704.
